Few studies have assessed kidney function in patients with gastrointestinal infections in low-resource settings. Although dehydration is a frequent complication of acute diarrhea, we do not know the frequency and severity of acute kidney injury (AKI) in this context. A high prevalence of chronic kidney disease (CKD) has been reported among the inhabitants of poor communities in Poncitlan, Mexico. Polluted drinking water has been implicated as a probable cause. These communities report a high mortality associated with gastrointestinal infection. It is possible that a high incidence of waterborne disease and consequent more episodes of AKI might contribute to the high prevalence of CKD in this population. In this study, we aim to determine the association between the use of unsafe water and the incidence of acute diarrhea and AKI, and to determine if the provision of clean water decreases these complications. The study will be conducted in 3 communities of the municipality of Poncitlan. Initially, we will determine the water, sanitation, and hygiene (WASH) characteristics in the population and evaluate the incidence of diarrheal disease. In the observation phase, outcomes will be assessed after families receive training in WASH techniques, but before they are provided with clean water. In the intervention phase, outcomes will be assessed after clean water is provided.
Introduction
The Global Burden of Disease study estimated that diarrhea was a leading cause of death among all ages: 1.31 million deaths, in 2015 [1] . Several studies have implicated diarrhea as a risk factor for malnutrition and impaired physical growth, and some have suggested that it might also impair cognitive development [2] . Approximately 88% of diarrhea-associated deaths are attributable to unsafe water, inadequate sanitation or insuffient hygiene, and approximately 2.4 billion people globally have no access to basic sanitation [3, 4] . Microbial contamination is widespread in lower-and middle-income countries and affects all water source types, including piped supplies. Guidelines for Drinking-Water Quality recommend that fecal indicator bacteria, preferably E. coli or alternatively thermotolerant coliforms, should not be detectable in any 100 mL drinking water sample (WHO 2011) [5] . Approximately 1. water that suffers from fecal contamination; of these, 1.1 billion drink water that is of at least "moderate" risk (> 10 E. coli or thermotolerant coliforms per 100 mL).
Acute kidney injury (AKI) is a frequent complication of acute diarrhea and gastrointestinal infections [6] , but very few studies have assessed kidney function in patients with gastrointestinal infections in low-resource areas and rural communities with no or very limited access to health care [7, 8] . The impact of AKI development on the shortand long-term outcomes in patients with diarrheal disease is unknown.
In this project, we aim to determine the incidence of gastroenteritis, waterborne diseases, and AKI in 3 communities that have a high penetration of unsafe water and to evaluate the effect of safe water provision on these issues. We have selected 3 communities from the municipality of Poncitlan, Jalisco, Mexico, based on the high prevalence of gastroenteritis and waterborne disease and the knowledge of the water utilization source. We will partner with the Secretaria de Salud Jalisco (SSJ), in order to obtain information on the quality of water and baseline data on the epidemiology of gastroenteritis and waterborne disease.
The study will be conducted in the communities of San Pedro Itzican, Mezcala, and Agua Caliente located along the Lake Chapala lakeshore in the municipality of Poncitlan. In these communities, water quality has been an issue for many years. Lake Chapala is the ultimate receptor of a great variety of contaminants, including pesticides, industrial residues, and heavy metals such as chromium, lead, zinc, and mercury. Local sources of pollution are also visible [9] . The absence of an adequate sewer system causes Chapala lake water to be contaminated. Wells drilled to avoid the use of lake water did not resolve the issue, as water from wells is contaminated by water springs with a high content of arsenic and other harmful elements. Over the years, these communities have shown a high mortality rate, secondary to intestinal infection and malnutrition [10] . The socioeconomic indicators in these communities show an alarming high marginality index, a high illiteracy rate, and incomplete primary school rates; a large percentage of households lack both a sewage system and tap water, and a high percentage of homes have dirt floors [11, 12] (Table 1) .
These communities have a high prevalence of chronic kidney disease (CKD) of unknown etiology. Popular opinion in the lay media has implicated polluted drinking water as a probable cause [13] . Since 2006, the Hospitales Civiles Foundation has used mobile units to assess the presence of CKD in the state of Jalisco. Trained personnel using mobile units travel to rural and urban areas to collect demographic and clinical data, in addition to blood and urine samples for serum chemistry and dipstick urinalysis [14] . This screening program has shown a high prevalence of CKD (estimated glomerular filtration rate < 60 mL/min/1.73 m 2 ) and proteinuria in Poncitlan, twofold and 3-fold higher, respectively, as compared to the adult population in other Jalisco municipalities [15] . In children, although the prevalence of CKD was similar to other Jalisco municipalities, the prevalence of proteinuria was 10 times higher [16] . Similarly, a recent cross-sectional study in children residing in these communities reported a prevalence of albuminuria and CKD of 45% and 33%, respectively; these rates of albuminuria are 3-5 times higher than reported in the state of Jalisco and the international literature [17] . Information from Jalisco's vital statistics shows a high prevalence of intestinal infection, associated with a high mortality rate among children under 5 years of age [10] . It is possible that a high incidence of waterborne disease, and consequently more frequent episodes of AKI, contribute to the high prevalence of proteinuria and CKD in this population. The role of heavy metals and other contaminants in the water may also be important determinants of this outcome [9] .
The primary objectives of the study are to evaluate the association between safe water provision and gastroenteritis frequency, waterborne diseases, and kidney disease in these communities. We have hypothesized that the use of unsafe water is associated with an increased incidence of gastroenteritis and waterborne diseases and leads to high prevalence of AKI. We aim to determine the frequency of AKI in patients with diarrheal disease based on serum creatinine (sCr) and biomarkers of kidney injury. Our secondary objectives are to determine the barriers for safe water use, to determine the association between water, sanitation, and hygiene (WASH) parameters and the prevalence of diarrheal illness. In addition, we will assess the effect of an educational strategy for WASH on diarrheal illness.
Materials and Methods

Preimplementation Phase
The study will be conducted in the communities of San Pedro Itzican, Mezcala, and Agua Caliente located along the Lake Chapala lakeshore in the municipality of Poncitlan, with a total population of approximately 10,000 individuals. Before study implementation, we will determine the WASH characteristics in the target population and evaluate the incidence of diarrheal disease in these communities. Following authorization from the SSJ and study approval from the Hospital Civil de Guadalajara Ethics and Research Committee, we will acquire data on water quality at different levels of distribution and utilization. Communication protocols among health-care facilities, families, and research coordinators will be established via the SSJ. We will train research coordinators in WASH techniques, in the validated risk assessment instrument, the performance of point of care (POC) tests, and for the collection and processing of serum and urine samples for storage for future biomarker assessment. All health providers and relevant staff will be trained in the protocol-based management of diarrheal disease and AKI that is appropriate to the setting in which they work. Providers will also be educated regarding the use of oral rehydration fluids for the treatment of dehydration, following the guidelines of Mexico's Ministry of Health [18] . The SSJ will help to coordinate these training sessions. All families will be taught WASH best practices (Fig. 1) .
Implementation Phase
The implementation phase will consist of 2 parts. During the observation (first) phase, study outcomes will be assessed after families receive training in WASH techniques, but before they are provided with clean water. During the intervention (second) phase, study outcomes will be assessed after clean water is provided to the community.
Observation Phase
Patients with signs and symptoms of diarrheal disease will be encouraged to contact the local health-care center and/or study research coordinator. Patients with CKD stage 5 or in chronic dialysis and those with solid organ transplant will not be candidates for study participation. Patients meeting these criteria will be screened by the research coordinator and asked for consent. Patients (or surrogates) who sign informed consent will have a POC test for sCr and urinalysis by dipstick.
The results of the POC tests will be given to the health-care provider, who will be responsible for informing the patient of the results. The health-care provider will be given the accepted normal range of values for adults and children (adults: sCr 0.6-1.2 mg/dL; 53-105 µmol/L [19] ; children 0-12 years old 0.0-0.7 mg/dL; 0-62 µmol/L, I) [20] . The health-care provider, however, will decide if the results are in the normal range according to the normative values and patient's comorbidities, age, and overall health characteristics. All health-care decisions will be made by the local health authorities. Blood and urine samples will be collected and stored for future biomarker analysis (Table 2 ). All enrolled patients will complete a clinical and WASH assessment and will be tracked throughout their clinical course by location (i.e., health-care center, hospital, and home). Outcomes will be recorded for 3 months following the initial health-care evaluation.
Patient level data will be tracked by the project research coordinator via communication with health-care facilities and families in the community. All relevant clinical data and the results of the POC test will be recorded in the electronic case report forms. Data will be recorded using the Red Cap Mobile Application. All captured information will be kept in a data repository site. The forms in Red Cap Mobile APP will be adapted for use in the community setting to capture data on the incidence, management and outcomes associated with diarrheal disease, dehydration, and AKI (Fig. 2) .
Intervention Phase
In the second phase of the study, safe water will be distributed to the communities. We will repeat research coordinator and health provider training for the protocol-based management of diarrheal disease and AKI. The same study flow will be in place, and we will compare the incidence and severity of diarrheal diseases and patient outcomes. We will analyze the incidence of diarrheal disease and AKI based on whether or not patient and families are following WASH and also by water source. Health-care providers will track patient clinical status and renal outcomes at 48 h, 7 days, and 3 months after enrollment. Urine and serum samples will be collected at all follow-up time points.
Analytical Plan
Observation Phase We will capture data on the course of patients with signs and symptoms of diarrheal disease and gastrointestinal infections. During this phase, we will define the gaps in knowledge and local barriers for WASH techniques and use of clean water. We will determine the frequency of specific risk factors for acute and CKDs. We will describe the WASH characteristics of the families enrolled in the study and correlate them with patient characteristics and risk factors for kidney diseases. We expect to establish the baseline frequency of AKI development, progression to more severe stages of AKI, and development of CKDs. Based on preliminary data from the SSJ, we anticipate that we will need to enroll 200 patients during this phase in order to obtain an adequate data sample (Table 2) .
Intervention Phase
Safe drinking water will be provided for the 3 communities. We will evaluate the penetration and the barriers to use of safe water. We will compare the frequency of diarrheal disease, AKI, and severity of renal dysfunction between the observation and intervention phases. We will perform an interim analysis after the enrollment of 200 patients and 400 patients during this phase. We will continue this phase in the second and third year, aiming to complete enrollment of 800 patients, if the interim analysis does not indicate a need for early cessation of the study.
After study completion, we will assess the serum and urine samples for biomarkers of glomerular and tubular function. We will assess a panel of tubular markers representing concentration, reabsorption, and secretion function, which correlate with AKI severity or CKD progression ( Table 2 ). The sequential assessment of these biomarkers, at initiation and during the course of the disease process, will provide us with a unique opportunity to understand their pattern of change during gastrointestinal diseases with and without AKI. We will evaluate how these changes correlate with AKI development, severity, and recovery.
Conclusion
In summary, the study will provide an opportunity (a) to demonstrate that the use of unsafe water is associated with an increased incidence of gastroenteritis and waterborne diseases leading to episodes of AKI and (b) to determine if the provision of clean water to communities with high penetration of polluted water is associated with a decreased incidence of these complications.
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